Psoriasis is a chronic inflammatory skin disease unique to humans. In this issue of the JCI, 2 studies of very different mouse models of psoriasis both report that macrophages play a key role in inducing psoriasis-like skin disease. Psoriasis is clearly a polygenic, inherited disease of uncontrolled cutaneous inflammation. The debate that currently rages in the field is whether psoriasis is a disease of autoreactive T cells or whether it reflects an intrinsic defect within the skin -or both. However, these questions have proven difficult to dissect using molecular genetic tools. In the current studies, the authors have used 2 different animal models to address the role of macrophages in disease pathogenesis: Wang et al. use a mouse model in which inflammation is T cell dependent, whereas the model used by Stratis et al. is T cell independent (see the related articles beginning on pages 2105 and 2094, respectively). Strikingly, both groups report an important contribution by macrophages, implying that macrophages can contribute to both epithelial-based and T cell-mediated pathways of inflammation.
What is to blame in psoriasis -T cells or the skin?
Changes in the epidermis are the most striking feature of psoriasis, which led to the earliest hypotheses that psoriasis is a disorder of the epidermis. However, findings that T cell immunosuppressants such as cyclosporine and T cell-depleting agents such as denileukin diftitox (Ontak) lead to disease remission forced a re-evaluation of this hypothesis and a refocusing on the role of immune cells (1) . Based on many observations, including the fact that psoriasis can be induced in SCID mouse xenograft models by the injection of T cells from human skin lesions, it is largely accepted that psoriasis is a T cell-dependent disease (2, 3) . More recently, an elegant model of psoriasis was developed in which nonlesional, unaffected skin from patients with psoriasis transplanted onto immunodeficient mice was found to spontaneously develop true human psoriatic lesions. The population of T cells resident within the nonlesional skin from psoriatic patients was triggered, presumably by danger signals released by the trauma of grafting, to proliferate in a TNF-α-dependent manner, leading to the development of psoriatic skin lesions (4) . Together, these studies suggest that there is a pool of autoreactive T cells present within the normal skin of psoriatic patients that can proliferate when stimulated by APCs within the dermis. However, autoantigens for psoriasis have not been conclusively identified, so definitive assignment of psoriasis as an autoimmune disorder awaits further study.
Psoriasis is unique to humans, but it has been modeled with varying degrees of success using genetically manipulated mice. Many psoriasis mouse models require the participation of T cells for development of skin inflammation (4) (5) (6) (7) (8) , but other models appear able to recapitulate the histologic changes of psoriasis without the requirement for T cell participation (9) (10) (11) . One such T cell-independent model, used by Stratis et al. in this issue of the JCI, is generated by deletion of inhibitor of NF-κB kinase 2 (IKK2) specifically within the epidermis (12) . Mice with this defect develop inflammatory lesions within the skin that have many similarities to the histologic changes seen in psoriasis (10) . Proponents of these models argue that the intrinsic defect in psoriasis may well lie within the skin and, more specifically, that psoriatic skin cells may overproduce inflammatory mediators that can engender and perpetuate inflammatory reactions independent of the action of autoreactive T cells (13) .
Macrophages contribute to psoriasis in 2 mouse models Infiltration of macrophages, especially around the epidermal/dermal interface, is a well-established feature of human psoriasis, but the contribution of these cells to psoriatic inflammation was previously unknown (14) (15) (16) (17) (18) (19) . In this issue, Wang et al. (20) and Stratis et al. (12) address for the first time to our knowledge the importance of macrophages in mouse models of psoriasis. Using 2 different mouse models, one T cell dependent and one skin dependent, both groups found that macrophages are present in large numbers in psoriasis-like skin lesions and that these cells play a key role in the pathogenesis of psoriasiform skin inflammation.
In their report, Wang et al. (20) used mice that express decreased levels of CD18. These CD18 hypomorphic mice spontaneously develop chronically inflamed skin lesions that histologically resemble human psoriasis (7) . Skin inflammation in this model is polygenic, T cell dependent, and responsive to topical steroids, all features common to human psoriasis. Wang et al. demonstrate that skin lesions contain large numbers of macrophages and that these cells are a significant source of TNF-α within the skin. Blockade of TNF-α signaling by etanercept, a drug effective in the treatment of human psoriasis, improved psoriasiform skin inflammation, decreased the numbers of macrophages in skin lesions, and decreased production of TNF-α.
To more specifically evaluate the contribution of macrophages, Wang et al. used clodronate liposomes to deplete macrophages from skin lesions (20) . Clodronatetreated skin lesions lacked macrophages but had normal numbers of T cells, neutrophils, mast cells, and mature Langerhans cells. Treated skin showed significant improvements in inflammation and had vastly reduced levels of TNF-α. The expression of monocyte chemoattractant protein 1 (MCP-1), a chemokine known to mediate cutaneous recruitment of monocytes and macrophages, was increased in lesional skin. However, although cutaneous injection of MCP-1 into nonlesional sites did induce macrophage migration into the skin, it did not induce psoriasis-like skin inflammation unless combined with injection of TNF-α. Likewise, injection of TNF-α alone did not induce inflammation, suggesting that both migration of macrophages into the skin and their subsequent activation are required for the induction of skin disease. However, once skin-resident macrophages were activated, in this case by TNF-α, they were capable of establishing and maintaining psoriasis-like skin inflammation. The authors conclude that macrophage recruitment and activation are key features in the development of psoriasiform inflammation. Interestingly, depletion of GR-1-positive neutrophils by neutralizing antibodies did not inhibit inflammation, suggesting that these cells, although present in large numbers in psoriasis, do not contribute to skin inflammation.
In the study by Stratis et al. (12) , the authors used a mouse model of psoriasis in which epidermal-specific deletion of IKK2 leads to a chronic inflammatory skin disorder with histologic similarities to human psoriasis (10). However, unlike xenogenic models of psoriasis that use human skin (2, 4) , inflammation in this model is not T cell dependent. Stratis et al. also demonstrate that macrophages are present in large numbers in skin lesions, that treatment with TNF antagonists improves skin inflammation, and that clodronate treatment depletes macrophages and leads to an improvement in skin disease. To address the role of neutrophils, these animals were crossed to CD18-deficient mice and still developed skin disease, again confirming that granulocytes such as neutrophils do not play a pathogenic role in the inflammatory process. Lastly, this group found no reduction in skin inflammation in IFN-γ-deficient mice, arguing against a key role for IFN-γ in this model of psoriasis.
It is striking that 2 disparate psoriatic models in mice (12, 20) , one T cell dependent and one T cell independent, provide such concordant results with respect to the importance of activated macrophages in the initiation and maintenance of psoriasiform skin inflammation. Both groups found large numbers of macrophages
Figure 1
An emerging model of psoriasis pathogenesis in humans. Many insults can lead to the activation of dermal dendritic cells, a key initiating step in the development of psoriasis in predisposed individuals. Activated dendritic cells induce the proliferation of autoreactive T cells within the dermis, inducing production of IFN-γ and TNF-α, which in turn induces the production of MCP-1 and other chemotactic cytokines by epidermal cells. These chemotactic agents induce influx of monocytes from the blood, which undergo differentiation into macrophages and myeloid dendritic cells. The studies of Stratis et al. (12) and Wang et al. (20) reported in this issue of the JCI suggest that these dermal macrophages, once activated by T cell or dendritic cell cytokines, then produce large amounts of TNF-α, leading to the skin changes observed in psoriasis. PRR, pathogen-recognition receptor.
within skin lesions and found that depletion of these cells, along with other phagocytic cells in the skin, leads to a significant improvement in skin inflammation. In both reports, the macrophages present in skin lesions expressed both classical and alternative activation makers, in agreement with findings in human psoriasis (16, 19) . Both groups found no contribution of granulocytes to the underlying pathogenesis of skin inflammation, a significant observation given that dense infiltrates of neutrophils are a feature in both human and mouse models of psoriasis. Wang et al. (20) make a significant contribution by identifying macrophages as crucial sources of TNF-α, along with previously identified sources that include T cells, mast cells, and endothelial cells (21, 22) . TNF-α is a critical cytokine in the pathogenesis of psoriasis, as shown by the remarkable effectiveness of etanercept, a TNF-α-neutralizing agent, in the treatment of human psoriasis (23, 24) .
In short, these 2 studies have produced remarkably concordant results regarding the importance of macrophages in psoriasis. However, a disorder that looks histologically like psoriasis in mice may not necessarily reflect the underlying etiology or complexity of the human disease. For this reason, it will be important to replicate these findings in human or xenogenic systems.
Many roads lead to psoriasis
The reports by Wang et al. (20) and Stratis et al. (12) both suggest that once macrophages are activated to produce large amounts of TNF-α, they induce all the skin changes characteristic of psoriasiform dermatitis, at least in the mouse models under study. The next logical question is, what induces the accumulation and activation of macrophages in psoriatic skin? In the model used by Wang et al., T cells are required for macrophage recruitment, as previously shown by the fact that depletion of CD4 + T cells from these mice induced complete resolution of skin disease (25) . Xenogenic models of psoriasis have shown that human psoriatic lesion development is T cell dependent, and indeed, migration of CD4 + T cells precedes the accumulation of macrophages in human psoriatic lesions (2, 4, 26) . These T cells must themselves become activated, likely through interaction with activated dermal dendritic cells. Figure 1 illustrates an emerging model of psoriasis pathogenesis in which activation of dermal dendritic cells has central importance. In this model, autoreactive T cells and dendritic cells expressing autoantigens populate the normal skin of patients with psoriasis. These cells do not cause inflammation in their resting, nonactivated state, but their close proximity within the skin is an accident waiting to happen. The key event is likely to be the origination of a "danger signal" within the skin, which is then translated into dermal dendritic cell activation. Many stimuli can lead to the activation of dermal dendritic cells, including injury, infection with organisms that trigger dendritic cell pathogen-recognition receptors, and activation of plasmacytoid predendritic cells (27) (28) (29) . Once dermal dendritic cells are activated, they spark the activation of autoreactive T cells, leading to their proliferation within the dermis (4, 30) . Activated dendritic cells and autoreactive T cells then secrete inflammatory cytokines that induce the production of MCP-1 and other chemotactic factors by keratinocytes, leading to an influx of macrophages and dendritic cells. The TNF-α produced by these and other cells then drives the development of the skin changes we observe in psoriasis. The claim that multiple insults can lead to psoriasis in predisposed individuals is consistent with several clinical observations. First, psoriasis patients can develop new lesions in areas of previously unaffected skin after injury, an observation known as the Koebner phenomenon. Second, a particular form of psoriasis is clearly associated with streptococcal pharyngitis. It is worth restating that all known forms of human psoriasis are absolutely dependent upon the actions of T cells. Scientific studies demonstrating T cell dependence are bolstered by the clinical observation that almost all patients with psoriasis experience remission of their skin disease when treated with T cell-specific agents such as cyclosporine.
In the mouse psoriasis model used by Stratis et al. (12) , macrophage recruitment and activation were mediated by signals provided by keratinocytes with impaired NF-κB signaling, not by the activation of autoreactive T cells. Although there is no evidence supporting T cell-independent psoriasis in humans, it is true that a very small number of patients do not respond to treatment with T cell-immunosuppressive medications. It is possible that abnormal sensitivity to inflammatory stimuli within the skin may lead to psoriasis in this small subset of patients.
In conclusion, the recruitment and activation of macrophages in psoriatic skin appears to be a key pathogenic event in the development and maintenance of psoriatic skin disease. The underlying events that lead to macrophage recruitment and activation remain to be fully characterized and may result from either autoreactive T cells or aberrant epidermal signals. Further clarification of what instigates the misbehavior of these cells will lead to treatments that can strike at the true source of this chronic inflammatory skin disease.
